Resident physicians generate many patient-related questions in the outpatient setting, but rarely answer them. This study examined how answering a patient-specific clinical question affected residents' patient care decisions.
assist patient's care (mean 4.1), improved care (mean 4.0), improved communication (mean 4.3), improved confidence in care (mean 4.3), improved knowledge (mean 4.6), and will improve care for future patients (mean 4.4) . The information affected clinical decision making in 78% (110/141) of cases.
Conclusion
Internal medicine residents practicing self-directed learning by answering patient-specific clinical questions reported improvement in knowledge and changes in patient care decisions. The discipline of evidence-based medicine (EBM) urges physicians to find and apply the best available information to patient care through five steps: identify a knowledge gap specific to the care of a patient, articulate a well-constructed clinical question, effectively use information resources to locate answers, formulate an answer, and apply the information. 1 While physicians recognize the benefit of having the right information at the right time, many barriers exist to practicing EBM, in-cluding lack of a recognized need for information, lack of time, failure of available information resources to address a topic, difficulty in synthesizing multiple bits of evidence into a clinically useful plan, and uncertainty regarding the completeness of information retrieval. 2 Lack of time, in particular, jeopardizes all five steps necessary for the practice of EBM. Practicing EBM in real time with real patients remains the largest challenge. An unarticulated or unanswered question remains just that. The discipline of EBM, by focusing on the specific searching and critical appraisal skills, may have set standards that are untenable for practicing physicians.
Although physicians estimate that they need patient-related information approximately once per week, their actual needs are about six patient-related information needs per half-day of clinic. 3 Resident physicians generate two questions for every three patients seen and 70% of these clinical questions are not pursued. 4 Two factors influence the pursuit of an answer: the urgency of the patient's problem and the likelihood that an answer exists. 5 Several studies have assessed retrospectively the perceived impact of desired information on patient care decisions. In one study, primary care physicians indicated that needed information retrieved by librarians, who spent an average of 43 minutes per information request, would have affected 40% of patient care decisions. 6 Sackett and Straus 7 found that clinical information altered the patient care plan of at least one member of the medical team for 48% of inpatient cases. Select family medicine faculty found that 56% of the answers to their clinical questions influenced patient care that same day. 8 In our study, we prospectively examined how formulating and answering a patient-specific clinical question affected residents' patient care decisions with internal medicine residents formulating the questions, retrieving the answers, and applying the information to their patients. Residents did not rely on information retrieved by expert faculty "searchers" or medical librarians. Also, we set no restrictions on potential information resources (e.g., phone consultations, textbooks, and programs on handheld devices were all allowed), replicating the options available in actual practice.
Method
Forty-three internal medicine residents at a University of Colorado Health Sciences Center outpatient clinic in Denver participated in our study from October 2001 to June 2002. In lieu of one 30-minute appointment, we assigned a designated resident to the clinical question exercise during each clinic session. Residents were assigned to the exercise in a convenient manner, based on their availability in clinic. Attempts were made to ensure that each resident had at least four opportunities and that a resident was not designated twice in a one-week period. We deemed it essential that residents be given time to complete the exercise, which also included the study questionnaire, due to their already time-pressed schedules and competing responsibilities. For each exercise, we asked the designated resident to formulate and attempt to answer a patient-specific clinical question based on a patient seen during the clinic session. We encouraged residents to complete the exercise, including the questionnaire, during the clinic session. There were no penalties for not completing the exercise or incentives for completion. Residents who did not complete the exercise filled out a form indicating their reasons for not completing the assignment.
Prior to the study, one of us (LMS) delivered two 45-minute lectures to the residents addressing how to construct clinical questions, tips for searching Medline ® using both OVID ® and PubMed ® , and an overview of online medical information resources. The information presented on the well-built clinical questions stressed the importance of relevance to patient care and facilitation of effective searching. 9 LMS did not review critical appraisal skills because residents receive this training as part of Journal Club and another outpatient medicine rotation in a more traditional didactic setting.
General internal medicine faculty were available to assist with question formulation, literature searches, identification of information resources, critical appraisal, and application of the evidence to the patient, as necessary. Computers with direct Internet access were accessible in the conference and examination rooms. All the online resources of the University of Colorado Health Sciences Library were available, including Harrison's OnLine © , MDConsult © , Cochrane Library © , Micromedex ® , UpToDate ® , and several OVID databases including Medline, Pre-Medline ® , and EBM Reviews/ACP Journal Club. Several useful Web sites were "bookmarked," including the Centers for Disease Control and Prevention's Travelers home page, the National Cancer Institute home page, and the National Guideline Clearinghouse home page.
We asked residents to complete a questionnaire as part of each exercise that collected information on the clinical question, the plan prior to retrieving information, the question category (therapy, diagnosis, prognosis, etiology/risk, harm, prevention, disease management, differential diagnosis, and clinical finding), whether an answer was obtained, the best answer to the question, methods of retrieval, sources investigated, estimated completion time, and level of agreement (on a five-point scale: 1 ϭ strongly disagree, 3 ϭ neutral, 5 ϭ strongly agree) with statements regarding the impact of the information on patient care, patient-physician communication, confidence in care, knowledge, care of future patients, and confidence that the information could be applied to the patient. A final series of questions focused on potential changes in management inspired by the information on pharmaceutical therapy, nonpharmaceutical therapy, monitoring of therapy, disease monitoring, referral for consultation, interpretation of diagnostic tests, decision to order a diagnostic test, recommendation for preventive care, change in differential diagnosis, and performance of additional history or physical examination.
We asked residents to document both the retrieval methods and the information sources they investigated. For example, a resident's final source of information may have been a Cochrane systematic review but the method of retrieval could have been PubMed, Medline, or the Cochrane Library. Likewise, a published article could have been retrieved via a direct search of Medline or via an UpTo-Date reference link. In this case the information source (journal article) is the same but the method of retrieval might have been Medline or UpToDate. If a resident went directly to UpToDate and retrieved useful information, UpToDate (designated a "Previously Known Database-UpToDate") would have been considered both the method of retrieval and the information source. Mean estimated exercise completion time included all attempts to answer clinical questions, even when an answer was not found. Our study was supported solely by the Division of General Internal Medicine, University of Colorado Health Sciences Center. We did not seek institutional review board approval for this study because we were attempting to implement an acknowledged educational "best practice" in terms of evidence-based decision making and we obtained no patient-identifying information.
Results
Residents completed the clinical question exercise for 158 of 234 opportunities (68%). Of the 76 exercises that were not completed, 61 were due to residents' overriding patient care responsibilities, such as caring for an unscheduled "walkin" patient or a medically complicated patient requiring additional time. Responses for 15 exercises were missing because the residents did not complete the form stating why they did not complete the exercise. Residents found answers to 89% of the clinical questions asked (141/158) (see Table 1 ).
The retrieval methods most frequently used were Medline (73%, 115/158), accessed via PubMed or OVID, and UpTo-Date (70%, 110/158) (see Table 2 ). Residents used an average of 1.7 methods of retrieval for each question.
UpToDate (73%,115/158) and journal articles/abstracts (58%, 92/158) were the most frequently investigated information sources (see Table 3 ). Residents considered UpToDate (45%, no. ϭ 71) and journal articles/abstracts (42%, no. ϭ 66), followed by textbooks (4%, no. ϭ 6), to be the most helpful final sources of information for specific questions Table 4 shows residents' responses to statements regarding the impact of the information on patient care decisions. Table 5 shows how the information altered residents' patient care management decisions. Among those who found an answer to their clinical question, 78% (110/141) indicated that the information altered their management plan. There were a total of 260 changes in management plans, or 1.8 changes per case where information was found. Table 6 shows residents' responses to the questionnaire item on the amount of 
Discussion
EBM training is increasingly being incorporated into medical school and postgraduate training programs. Stand-alone curricula and integration into traditional venues such as attending rounds, morning report, and Journal Club provide opportunities for EBM training. Our study began with the desire to incorporate the education and practice of EBM into real patient care in the outpatient care setting, not artificially separated from the care of a patient. EBM is defined by its relevance to patient care; it begins with a question inspired by the care of a patient and ends with the application of evidence to the patient. Studies suggest that didactic sessions are less likely to change physicians' behavior than are interactive education sessions, and in this sense, we feel that requiring the practice of EBM is likely the best way to accomplish the goals of durable skills and increased future practice. 10 The most important outcomes of EBM education and practice are durable skills along with increased application of EBM principals to patient care resulting in one or more of the following: improved patient care decisions, improved patient care outcomes, and improved use of health care resources. For the purpose of our study, we focused on the effect on residents' patient care decisions.
In our prospective study, we assessed whether formulating and answering patient-specific clinical questions in a "realpractice, real-time" setting affected residents' patient care decisions and other determinants of current and future patient care. Residents retrieved answers to 89% of their questions, and the information they found altered 78% of patient management decisions. These results are similar to those of previous studies of family medicine faculty. 8, 11 Unlike previous studies, however, residents in our study formulated the questions and searched for their own answers. The affiliation with a university medical center afforded fast, reliable Internet connections and access to a wealth of online resources. Interestingly some databases, although "bookmarked" and introduced to residents during the initial didactic sessions, were rarely used (e.g., www. clinicalevidence.org and www.ahcpr.gov).
Residents required a substantial amount of time to answer their clinical questions. The times the residents reported, although not directly measured, agree with ranges reported in previous studies, from the median expert faculty search time of five to ten minutes to the average librarian search time of 43 minutes per question. 6, 8 Retrieved information led to self-perceived improvements in patient care, greater confidence in care, better patient communication, greater knowledge, and potential benefits for future patients. Other studies have not assessed these outcomes.
Medicine residents tended to get their most useful information from two resources, UpToDate and original articles via a Medline search. These two sources complement one another in addressing most clinical knowledge gaps. For medical information that one senses is well established, but not known by the questioner (e.g., What is the workup and treatment for suspected subacute thyroiditis?), UpToDate combines both background information on disease epidemiology and pathophysiology, along with frequently updated information regarding the evaluation and treatment, making it an well-chosen place to start.
For questions that are more specific, and for which the questioner feels there is likely to be less summarized information or less of a consensus (e.g., Is influenza vaccine contraindicated in patients with multiple sclerosis?), a Medline search may be the best place to start.
EBM has been defined as the "conscientious, explicit, and judicious use of current best evidence in making decisions about the care of individual patients," taking into account the patient's values and desires. 12 Other definitions have also included specific details such as "searching the literature for relevant studies, assessing study quality, and interpreting the findings." 13 Fortunately, the recent emphasis on EBM has increased the quality and quantity of resources. With a wealth of preappraised, synthesized information available online, the practice of EBM is becoming less burdensome, less intimidating, and more efficient. Still, for many, lack of time, lack of resource awareness, and inefficient access remain significant hurdles.
While we did not examine long-term effects of the intervention on residents' attitudes or practice of EBM, overcoming perceived barriers to practicing EBM may occur via skill enhancement and increased awareness of the benefits to personal knowledge and patient care obtained during actual practice.
Our study had several limitations. We gave residents additional time to complete the assignment by having one less 30-minute patient appointment. Although this may not seem consistent with "real-time" EBM practice, we deemed it essential that residents had time to complete the clinical question and the questionnaire, which took an additional five to seven minutes. We expected that residents might require more time to complete the process than would a seasoned clinician with better question formulation and searching skills. The unscheduled time was provided to the residents regardless of whether they completed the assignment, but with the expectation that each resident would complete the assignment.
Our study design may have inflated the retrieved information's effect on clinical decisions. It is possible that some of the questions could have been answered directly by the attending preceptor, thereby artificially diverting some questions from the preceptor to the exercise. But our goal was not a comparison of searching for one's own answer versus asking the attending, and either method of information retrieval was allowed. Additionally, although the preceptor may have known some answers, it is doubtful that the attending preceptor was aware of the specific evidence addressing a question or would have covered the same breadth or depth of information that the residents uncovered. Additionally, residents likely uncovered additional information beyond that addressing their specific questions, which also influenced their management decisions or patient communication. Still, the benefit of "spillover" learning is a true benefit, particularly if it improved patient care decisions.
Residents self-reported the success of their information retrieval and the impact of the exercise on their own knowledge and patient-care decisions. It was essential that residents identified their own knowledge gaps, and hence self-reporting of knowledge gaps and gain(s) was the most accurate assessment possible for our study. It is highly unlikely that residents spent time searching for answers they already knew. It is also doubtful that being told how to care for a patient has the same impact as formulating one's own question, searching for an answer, and applying the retrieved information to the care of a patient.
Some residents expressed difficulty identifying knowledge gaps to formulate patient-specific clinical questions, and attending faculty had to sometimes assist residents in identifying knowledge gaps.
Lastly, we did not uniformly review the quality of the retrieved answers. One of us (LMS) reviewed all the questions, documented answers, and reviewed over 90% of all answer sources to enhance education regarding information sources and searching, but we did not complete an independent masked quality assessment of information retrieval and application to the individual patient. All final patient management plans were discussed and reviewed with an attending physician, and it is therefore very unlikely that patient care decisions were worsened due to residents' finding inaccurate information or applying information incorrectly. We did not assess patients' health outcomes.
Encouraging the practice of EBM is a goal of most U.S. medical schools and internal medicine training programs. Yet, the practice of EBM combines many different skills and teaching each skill individually may not encourage their combined practice. It is a daunting process for many physicians, who may not be confident that they retrieved all the relevant studies and may not have the time or expertise to synthesize many disparate studies. Physicians also have information needs that * The number of changes in each broad category (e.g., pharmaceutical treatment) is defined as the number of respondents indicating at least one specific change within that category. Hence, the number of specific changes may be greater than the number of broader category changes.
may be easily addressed by information resources not considered to be "evidencebased" sources, such as finding and using the Gail Model risk calculator to reassure a young woman regarding her risk of breast cancer. In our study, we replicated actual patient care in that any information need was deemed acceptable, as was any information source.
In our study, we addressed one of the most pressing questions of EBM, whether physicians can find answers to their questions that arise during patient care and whether the answers affect physicians' patient care decisions. Ultimately, EBM instruction and practice should also be judged by its long-term application by learners and the effect on patients' health care outcomes.
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